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Critical Variables of Solder Paste Stencil Printing for
Micro-BGA and Fine-Pitch QFP
Jianbiao Pan, Member, IEEE, Gregory L. Tonkay, Robert H. Storer, Ronald M. Sallade, and David J. Leandri

Abstract—Stencil printing continues to be the dominant method
of solder deposition in high-volume surface-mount assembly. Con
trol of the amount of solder paste deposited is critical in the case of
ﬁne-pitch and ultraﬁne-pitch surface-mount assembly. The process
is still not well understood as indicated by the fact that industry re
ports 52–71% surface-mount technology (SMT) defects are related
to the solder paste stencil printing process.
The purpose of this paper is to identify the critical variables that
inﬂuence the volume, area, and height of solder paste deposited.
An experiment was conducted to investigate the effects of relevant
process parameters on the amount of solder paste deposited for
ball grid arrays (BGAs) and quad ﬂat packages (QFPs) of ﬁve dif
ferent pitches ranging from 0.76 mm (30 mil) to 0.3 mm (12 mil).
The effects of aperture size, aperture shape, board ﬁnish, stencil
thickness, solder type, and print speed were examined. The de
posited solder paste was measured by an inline fully automatic
laser-based three-dimensional (3-D) triangulation solder paste in
spection system.
Analysis of variance (ANOVA) shows that aperture size and
stencil thickness are the two most critical variables. A linear
relationship between transfer ratio (deﬁned as the ratio of the
deposited paste volume to the stencil aperture volume) and area
ratio (deﬁned as the ratio of the area of the aperture opening to the
area of the aperture wall) is proposed. The analysis indicates that
the selection of a proper stencil thickness is the key to controlling
the amount of solder paste deposited, and that the selection of
maximum stencil thickness should be based on the area ratio. The
experimental results are shown to be consistent with a theoretical
model, which will also be described in this paper.
Index Terms—Analysis of variance (ANOVA), area ratio, design
of experiment, solder paste, stencil printing, transfer ratio.

I. INTRODUCTION

Fig. 1. Factors that inﬂuence the stencil printing process.

T

HE NEED for higher pin count, higher performance,
smaller size, and lighter weight has driven the develop
ment of advanced packages such as quad ﬂat package (QFP),
ball grid array (BGA), chip scale package (CSP), and ﬂip chip.
These high-density packages have had a tremendous impact on
board-level assembly. One of the main challenges continues
to be the solder paste deposition process and, speciﬁcally,
controlling the amount of solder paste deposited.
Stencil printing is one of the most cost-effective processes for
solder paste deposition and it has been widely used in traditional
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surface mount assembly. If the process can apply solder balls for
BGA, CSP and ﬂip chip assembly, it will accelerate the develop
ment and utilization of these advanced packages. However, the
solder paste stencil printing process is still not completely un
derstood, as indicated by the fact that industry reports 52–71%
of ﬁne-pitch SMT defects are related to the solder paste stencil
printing process [1].
The stencil printing process is described as follows: When the
squeegee is moved along the stencil surface, it forces the solder
paste to roll in front of the squeegee and generate a high pres
sure. The high pressure injects the solder paste into the stencil
aperture, which covers the desired areas of the pad of the printed
circuit board (PCB). The stencil is lifted off after the print stroke
is ﬁnished and the solder paste is left on the pad of the PCB [2].
There are many variables that inﬂuence the quality of the
stencil printing process, which is measured by the amount and
position of solder paste deposited. Fig. 1 gives a list of important
process variables. Pan [10] reviewed the work on investigating
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the effects of the process variables. Since there are more than 45
variables, to identify the critical variables is necessary.
An analytical model of the aperture ﬁlling process in solder
paste stencil printing was developed [2]. In this model, aperture
opening size, stencil thickness, and squeegee attack angle
are concluded to be three critical variables. The deposited
solder volume is independent of the stencil thickness. If the
squeegee attack angle is ﬁxed and the seal condition between
the squeegee and the stencil remains the same, the relationship
between transfer ratio and area ratio is
TR
TR

AAR
AAR

TABLE I
INPUT VARIABLES AND THEIR LEVELS

TABLE II
APERTURE SIZES OF A STENCIL (UNIT: mil � ������ mm)

AAR a critical value
a critical value

where TR is the transfer ratio, which is deﬁned as the deposition
volume divided by the aperture volume; is a constant; AAR is
the area ratio, which is deﬁned as the ratio of the area of aperture
opening to the area of the sidewall of the aperture.

TABLE III
SOLDER PASTE SPECIFICATION

For a circular (BGA) aperture: ARR
For a rectangle (QFP) aperture: ARR
where is the radius of the circular aperture,
is the stencil
thickness, is the length of the rectangular aperture, and
is
the width of the rectangular aperture.
The critical AAR value is where deposited solder paste
volume equals the aperture volume and no excess paste is
scooped. The critical value and constant
can be obtained
through experimentation. Note that the critical AAR value and
constant
depend on the squeegee attack angle and the seal
condition between the squeegee and the stencil. The model
shows that thicker stencils do not necessarily mean higher
solder prints and the selection of maximum stencil thickness
should be based on the area ratio.
II. EXPERIMENT DESIGN
The goal of this experiment is to determine which are the
critical variables that control the amount of solder paste de
posited, to validate the model, and to determine the critical AAR
value. Based on the model, the previous studies [1]–[10], and
discussions with the engineers at Visteon, six variables were se
lected for this study. They are stencil thickness, aperture size,
aperture shape, board ﬁnish, solder paste type, and print speed.
The response variable is the volume, area, and height of solder
paste deposited, which was measured by an inline fully auto
matic laser-based three-dimensional (3-D) solder paste inspec
tion system. Table I summaries the variables and their levels for
the experiment. Table II shows the aperture size of the stencils.
Table III compares the solder paste characteristics of Type 3 and
Type 4.
The stencil used for the research was laser-cut from stainless
steel. Two stencil thicknesses were selected. One is 0.1 mm (4
mil) and the other was 0.15 mm (6 mil). Both of the stencils had
the same pattern, which included three aperture groups.
Group 1) Regular rectangular (QFP) apertures with widths
of 0.38 mm (15 mil), 0.32 mm (12 mil), 0.25
mm (10 mil), 0.2 mm (8 mil), and 0.15 mm (6
mil). Each width had 102 pads in the “parallel to

squeegee travel” orientation and 102 pads in the
“perpendicular to squeegee travel” orientation. A
total of 1020 pads were evaluated.
Group 2) Slant rectangular (QFP) apertures with widths of
0.38 mm (15 mil), 0.32 mm (12 mil), 0.25 mm
(10 mil), 0.2 mm (8 mil), and 0.15 mm (6 mil).
Each width had 30 pads in the “45 to squeegee
travel” orientation and 30 pads in the “135 to
squeegee travel” orientation. A total of 300 pads
were evaluated. Note that the distance of aper
ture-to-aperture is designed much larger than the
pitch to make measurement feasible.
Group 3) Circular (BGA) apertures with the diameters of
0.38 mm (15 mil), 0.32 mm (12 mil), 0.25 mm
(10 mil), 0.2 mm (8 mil), and 0.15 mm (6 mil).
Each diameter had 216 pads. A total of 1080 pads
were evaluated.
The test pattern was designed as a 3 3 Latin Square so the
variability due to the pad positions relative to the squeegee and
squeegee travel direction were eliminated. The test pattern is
shown in Fig. 2. It should be noted that the information about
aperture size and shape in this design is confounded because
they are all in a block. The other four factors, stencil thickness,
board ﬁnish, solder type, and print speed were designed as a
factorial design. Due to the time limit of the use of the printing
machine in a production line, only one replication was selected.
So, a total of 16 boards (two-level four factors factorial design)
were printed.
In order to generate comparative data on speciﬁed process
variables, the remaining process variables were determined
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Fig. 2. Test pattern of stencils and FR-4 boards.
TABLE IV
PROCESS VARIABLES

based on the engineer’s knowledge and experience and limited
to the values shown in Table IV.
In order to keep solder paste properties the same for each run,
the paste was kneaded three times before printing. The reason
is that the viscosity of solder paste may change after it was
kneaded a different number of times. To get the steady state
results, each run printed three times and only the third print
was measured because the results of the ﬁrst two may be un
stable. The third board of each run was measured right after it
was printed since a long wait time between print and measure
ment could cause the solvent of paste to evaporate and result in
a lower amount when measured.
A fully automatic solder paste inspection system is currently
used for inspection of 0.635 mm (25 mil) QFP components of
automobile electronics products. An experiment was conducted
to investigate whether the system can be used successfully for
measuring 0.4 mm and 0.3 mm pitch QFPs and BGAs [3]. The
results indicate that the system is capable of measuring down to
0.3 mm (12 mil) pitch QFPs and 0.5 mm (20 mil) pitch BGAs,
but fails for 0.4 mm (16 mil) and 0.3 mm (12 mil) pitch BGAs in
this project due to too small solder deposits. Therefore, the data
of 0.4 mm and 0.3 mm pitch BGAs was removed in the analysis
which will be described in Section III.

TABLE V
ANOVA FOR QFP SOLDER DEPOSITED VOLUME

III. ANALYSIS OF THE DATA
A. Effects of Aperture Size and Stencil Thickness
The data were analyzed using analysis of variance (ANOVA).
The ANOVA table for the volume of solder paste deposited for
QFP apertures is shown in Table V. It shows that aperture size
(pitch) and stencil thickness have statistically signiﬁcant effects
on the volume of solder deposited. It is intuitive that a bigger
aperture will result in more volume than a smaller one. One
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TABLE VII
AREA RATIO (AAR) AND APERTURE VOLUME

Fig. 3. Interaction plot of QFP aperture size and stencil thickness.
TABLE VI
ANOVA FOR BGA SOLDER VOLUME

TABLE VIII
ANOVA FOR QFP SOLDER TRANSFER RATIO

Fig. 4. Interaction plot of BGA aperture size and stencil thickness.

may think that a thicker stencil will deposit more volume than a
thinner one too. However, this is not always true. The interaction
plot of QFP aperture size and stencil thickness in Fig. 3 shows
that the 0.1 mm (4 mil) stencil deposited more volume than the
0.15 mm (6 mil) stencil at the 0.3 mm pitch level. The ANOVA
table for the volume of solder paste deposited for BGA apertures
is shown in Table VI. The interaction plot of BGA aperture size
and stencil thickness in Fig. 4 shows that the 0.1 mm stencil
deposited more volume than the 0.15 mm stencil at the 0.5 mm

pitch and 0.635 mm pitch level. Similar experimental results
were reported by Fujiuchi and Toriyama [8]. They found that
the bump volume with a stencil thickness of 60 m is larger
than that of a stencil thickness of 80 m.
Another analysis was performed using transfer ratio as the
response variable. The calculation of area ratio and aperture
volume is shown in Table VII. The ANOVA table for the transfer
ratio of QFP apertures is shown in Table VIII, and that of BGA
apertures in Table IX. The results indicate that pitch (aperture
size) and stencil thickness are still the critical variables since
they have larger F-ratios. The interaction plot of QFP shown in
Fig. 5 illustrates that the transfer ratio of the 0.15 mm stencil in
creases as the pitch increases, while the transfer ratio of the 0.1
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TABLE IX
ANOVA FOR BGA SOLDER TRANSFER RATIO

Fig. 7. Comparison of the model and experimental results (points: the overall
average of experimental data that have the same area ratio; line: model).

Fig. 5.

Transfer ratio versus Pitch for QFP apertures.

Fig. 6.

Transfer ratio versus Pitch for BGA apertures.

mm stencil remains constant as the pitch increases. The interac
tion of BGA in Fig. 6 illustrates that the transfer ratio of the 0.15
mm stencil decreases rapidly as the pitch decreases, while that
of the 0.1 mm stencil decreases slowly as the pitch goes down.
The relationship between transfer ratio and area ratio is shown
in Fig. 7. When AAR is larger than 0.6, the transfer ratio is a
constant at about 0.9. When AAR is less than 0.6, the transfer
ratio is proportional to the area aspect ratio. The difference be
tween the model and experimental results can be explained by

two reasons. The ﬁrst is that part of the paste is deposited out
side of the pads of the PCB due to misalignment between the
stencil and the PCB (the stencil apertures are designed to be the
same size as the pad sizes of the PCB). The second is that part
of the paste sticks to the sides of the stencil apertures. It was
found that if the area ratio of BGA apertures equals that of QFP
apertures, the two transfer ratios are also equal. That indicates
that the relationship between transfer ratio and area ratio is in
dependent of the aperture shape.
Fig. 7 gives the critical area ratio of 0.6 when the squeegee
attack angle is 45 and the seal condition between the squeegee
and the stencil is very good. The maximum stencil thickness for
a speciﬁed aperture size can be calculated based on the critical
area ratio. In industry, different guidelines have been published.
For example, Wilson and Bloomﬁeld [6], [7] suggested an op
timal aspect ratio of 1.25. Coleman [9] recommended larger
than 1.5 for the aspect ratio and larger than.66 for the area ratio.
Markstein [5] proposed the generally accepted rule that the as
pect ratio be larger than 1.5 (1.8 for chemically-etched stencils
and 1.2 for electropolished laser-cut and electroformed sten
cils). Here, the aspect ratio is deﬁned as the width of the aper
ture divided by the height of the aperture (or the thickness of
the stencil). It should be pointed out that the critical area ratio
depends on the squeegee attack angle and the seal condition be
tween the squeegee and the stencil according to our model.
Stencil thickness has its lower bound also. Analysis shows
that the area of solder deposits increases slightly as the stencil
thickness decreases. It indicates that too thin of a stencil could
cause solder bridges. On the other hand, the decrease in stencil
thickness results in the decrease of the aperture volume. The
objective of solder deposition is to transfer a certain amount
of solder paste to the PCB. Insufﬁcient solder paste resulting
from thinner stencil may cause solder opens. Therefore, a lower
bound exists to achieve acceptable solder volume and area. In
order to avoid solder bridges and solder opens, stencil thickness
must be chosen larger than this lower bound.
The transfer ratio of the average experimental data in Fig. 7
is smaller than that of the theoretical model. This is because the
points in Fig. 7 are the overall average of experimental data that
have the same area ratio. The points in each column in Fig. 8
represent the average of the data that have the same area ratio in
different experimental runs and different QFP aperture shapes.
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Fig. 10.

Interaction plot of solder type and print speed for QFP apertures.

Fig. 11.

Interaction plot of solder type and print speed for BGA apertures.

Fig. 8. Comparison of the model and experimental results (points: the average
of experimental data that have the same area ratio in different experimental runs
and different QFP aperture shapes; line: model).

Fig. 9. Solder volume versus aperture orientation.

It was noted that there are two data points with transfer ratio
slightly larger than 1.0. This may be due to the aperture size
variations. Fig. 8 shows that some solder paste sticks to the aper
ture sidewall of the stencil when area ratio is less than 0.6. This
is why all of the experimental points are less than the theoret
ical model predicts when the area ratio is less than 0.6. When
the area ratio is greater than 0.6, a smaller proportion of solder
paste sticks to the sidewall.
B. Effects of Aperture Orientation
The plot of the mean of deposited solder volume versus aper
ture direction is shown in Fig. 9. It indicates that perpendic
ular apertures (longer side of the apertures perpendicular to the
squeegee travel direction) deposit 8–9% more volume than par
allel apertures, while the volume difference between slant aper
tures and back slant apertures is much smaller. The actual aper
ture sizes of the two stencils were measured by a microscope
since the information of aperture shape was confounded in this
experiment. It was found that the perpendicular apertures were

slightly (about 3%) wider than the parallel apertures. There is
no statistically signiﬁcant difference between the slant aper
ture sizes and the back slant aperture sizes. Deducting the aper
ture size difference, perpendicular apertures print 5–6% more
volume than parallel apertures. Analysis on the height of solder
deposits draws the same conclusion. This is a well known exper
imental phenomena [4], [5]. It can be concluded that arranging
the squeegee 45 with respect to the stencil apertures would de
crease the variation of the solder deposits height and volume.
C. Effects of Solder Paste and Print Speed
The effect of print speed has confused many engineers be
cause conﬂicting experimental results were reported. Mannan,
et al. [4] found a linear rise in paste height with squeegee ve
locity during stencil printing. Wilson and Bloomﬁeld [6], [7]
reported that no noticeable deterioration in print height occurred
in print speeds from 25 mm/s to approaching 200 mm/s.
The ANOVA analysis in Tables V, VI, VIII, and IX shows that
strong interaction between solder paste and print speed exists.
The interaction plot of solder paste and print speed for QFP
apertures and BGA apertures are shown in Figs. 10 and 11. It
indicates that the transfer ratio of solder type three increases
rapidly as the print speed increases while that of solder type
four decreases a little bit as the print speed increases. It can be
concluded that the selection of optimal print speed should be
based on solder paste type and the print speed could be used to
adjust the volume, area, and height of solder deposits.
From the ANOVA tables, it seems that solder paste does not
have a signiﬁcant effect on the amount of solder paste deposited.
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The relationship between the transfer ratio of deposited solder
paste and the board ﬁnish for different pitches of QFP and for
BGA are shown in Figs. 12 and 13. It indicates that more solder
paste was deposited on HASL boards when the area of aperture
opening is small (all BGA apertures and 0.3 mm pitch QFP aper
tures) while more solder paste was deposited on silver boards
when the area of aperture opening is big (larger than 0.3 mm
pitch QFP apertures). In addition, an interaction between solder
type and board ﬁnish is found.
One of the important considerations of board ﬁnish is ﬂatness
of board surface. Generally, boards with immersion silver have
a better surface in ﬂatness than boards with HASL. The area of
solder paste deposited on HASL boards is found always slightly
larger than that on silver boards. This may be due to the dome
shape of HASL board solder pads. The smooth surface with
immersion silver allows the stencil to seal against the pad of
the board and to prevent paste from forming solder bridging.
IV. CONCLUSION

Fig. 13. Transfer ratio versus board ﬁnish for BGA apertures.

From the interaction plots in Figs. 10 and 11, it is difﬁcult to
draw the conclusion that solder paste does not have a signif
icant effect because an interaction exists between solder type
and print speed. Further investigation should be conducted by
selecting three levels of print speed.
This experimental phenomena may be explained as follows:
The amount of solder paste deposited is determined by the aper
ture opening size and paste pressure generated. The paste pres
sure is proportional to the viscosity of solder paste times the
print speed [2]. Since solder paste is a non-Newtonian ﬂuid, its
viscosity changes with the change of shear rate. The high print
speed results in a high shear rate so that the viscosity of the paste
decreases. The result of the solder viscosity times the print speed
depends on the solder rheology (the change in viscosity versus
the shear rate). Different solder pastes have different rheologies.
This is why an interaction exists between solder paste and print
speed.

The following conclusions are drawn from our analysis.
1) The most critical process variables inﬂuencing the amount
of solder paste deposited are aperture size and stencil
thickness.
2) The transfer ratio is determined by the area ratio. Thicker
stencils do not necessarily mean higher solder prints. The
area ratio of larger than 0.6 is recommended for the selec
tion of a proper stencil thickness.
3) An interaction between print speed and solder paste type
was found, though solder paste itself does not have a sig
niﬁcant effect on the amount of solder paste deposited.
The interaction indicates that a proper print speed should
be selected depending on the solder paste type. Further
experiments with three or more levels of print speed are
necessary to conﬁrm the conclusion.
4) A perpendicular aperture prints higher and more volume
than a parallel aperture. Aperture orientation of 45 and
135 with respect to the squeegee can decrease the varia
tion of solder deposits.
5) Small apertures print more solder volume on HASL
boards than that on immersion silver boards and big
apertures print more solder volume on immersion silver
boards than that on HASL boards.
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D. Effects of Board Finish
The most common surface ﬁnish of PCB is hot-air solder lev
eling (HASL). However, the dome of the pad (uneven surface)
from HASL can affect the ﬁne pitch solder paste printing [11].
Therefore, other surface ﬁnishes including immersion deposi
tion are receiving attention these days. A comparison of dif
ferent board ﬁnishes was made by Seto, et al. [12] and Bratin, et
al. [13]. No reports on effects of board ﬁnish seem to have been
published yet.

REFERENCES
[1] R. S. Clouthier, “The complete solder paste printing processes,” Surf.
Mount Technol., vol. 13, no. 1, pp. 6–8, 1999.
[2] J. Pan and G. L. Tonkay, “A study of the aperture ﬁlling process in solder
paste stencil printing,” in Electron. Manufact. Issues, Proc. ASME Int.
Mech. Eng. Congr. Expo., Nashville, TN, 1999, pp. 75–82.
[3] J. Pan, G. L. Tonkay, R. H. Store, R. M. Sallade, and D. J. Leandri,
“Gauge repeatability & reproducibility study for a 3-D solder paste in
spection system,” in Proc. Int. Symp. Microelectron., Chicago, IL, 1999,
pp. 532–537.

Authorized licensed use limited to: Cal Poly State University. Downloaded on November 19, 2008 at 17:02 from IEEE Xplore. Restrictions apply.

132

IEEE TRANSACTIONS ON ELECTRONICS PACKAGING MANUFACTURING, VOL. 27, NO. 2, APRIL 2004

[4] S. H. Mannan, N. N. Ekere, N. I. Ismail, and E. K. Lo, “Squeegee de
formation study in the stencil printing of solder pastes,” IEEE Trans.
Comp., Hybrids, Manufact. Technol., vol. 17, pp. 470–476, Sept. 1994.
[5] H. W. Markstein, “Controlling the variables in stencil printing,” Elec
tron. Packag. Prod., vol. 37, no. 2, pp. 48–56, 1997.
[6] T. Wilson and D. Bloomﬁeld, “An optimistic outlook for ultra ﬁne pitch
(part I),” Electron. Prod., pp. 39–42, Feb. 1995.
[7]
, “An optimistic outlook for ultra ﬁne pitch (part II),” Electron.
Prod., pp. 83–86, Mar. 1995.
[8] S. Fujiuchi and K. Toriyama, “Collective screen printing for carrier
bump and SMT pads,” in Proc. IEEE/CPMT Int. Electron. Manufact.
Technol. Symp., 1994, pp. 109–112.
[9] W. E. Coleman, “Stencil design for advanced packages,” Surf. Mount
Technol., vol. 10, no. 6, pp. 34–37, 1996.
[10] J. Pan, “Modeling and Process Optimization of Solder Paste Stencil
Printing for Micro-BGA and Fine Pitch Surface Mount Assembly,”
Ph.D. dissertation, Lehigh University, Bethlehem, PA, 2000.
[11] G. Trinite, “Importance of board planarity,” Surf. Mount Technol., vol.
13, no. 1, pp. 12–13, 1999.
[12] P. Seto, J. Evans, and S. Bishop, “Analysis of the palladium ﬁnish,” Surf.
Mount Technol., vol. 13, no. 6, pp. 60–63, 1999.
[13] P. Bratin, M. Pavlov, and G. Chalyt, “Evaluating ﬁnishes using SERA,”
PC FAB, vol. 22, no. 5, pp. 30–37, 1999.

Jianbiao Pan (M’03) received the Ph.D. degree in
industrial engineering from Lehigh University, Beth
lehem, PA, in 2000.
He is an Assistant Professor in the Department
of Industrial and Manufactuirng Engineering, Cali
fornia Polytechnic State University, San Luis Obispo.
His current research interests are in electronics pack
aging, optoelectronics packaging, lead-free solder,
statistical process control, and reliability.
Mr. Pan is a senior member of SME, and a member
of IMAPS, and Sigma Xi.

Gregory L. Tonkay received the B.S. (with highest
distinction) and Ph.D. degrees in industrial en
gineering from Pennsylvania State University,
University Park, in 1981 and 1987, respectively.
He is an Associate Professor and Associate Chair
in the Department of Industrial and Systems Engi
neering, Lehigh University, Bethlehem, PA. He is the
Director of the Electronics Manufacturing Labora
tory and Associate Director of the George E. Kane
Manufacturing Technology Laboratory, Lehigh, Uni
versity. He has authored or coauthored over 25 tech
nical papers. His areas of interest are manufacturing, automation, electronics
manufacturing, and engineering education.

Robert H. Storer received the B.S. degree in industrial and operations engi
neering from the University of Michigan, Ann Arbor, in 1979, and the M.S. and
Ph.D. degrees in industrial and systems engineering from the Georgia Institute
of Technology, Atlanta, in 1982 and 1986, respectively.
He is a Professor of Industrial and Systems Engineering, and Co-Director of
the Manufacturing Logistics Institute at Lehigh University, Bethlehem, PA. His
interests lie in applied statistics and operations research.

Ronald M. Sallade received the B.S. degree (magna cum laude) in mechan
ical engineering and applied mechanics from the University of Pennsylvania,
Philadelphia.
He is currently with Cygnus, Inc., Redwood City, CA, where he is involved
in the development of medical device manufacturing for the biotechnology in
dustry. Prior to that, he was with the Advanced Manufacturing Technology Di
vision of the Visteon enterprise of Ford Motor Company, Lansdale, PA. He has
made extensive improvements in manufacturing for the electronics industry in
the areas of screen printing and machine vision.
Mr Sallade received the Ford’s President’s Award in 1999 for Customer
Driven Quality as a member of the Worldwide Screen Printing Process Im
provement Team for his developments in the screen printing arena.

Dave J. Leandri received the B.S. degree in ceramic engineering from Pennsyl
vania State University, University Park, in 1987, the M.S. degree in engineering
science from Pennsylvania State University, Great Valley, in 1995, and the M.S.
degree in technical management from the Wharton School of Business, Univer
sity of Pennsylvania, Philadelphia, in 2002.
He is currently a Quality Manager with American Technical Ceramics, Jack
sonville FL. Prior to that, he was an Advanced Manufacturing Engineer and
Supplier Quality Manager for Visteon Automotive Systems, Lansdale, PA, from
1991 to 2000.
Mr Leandri was awarded the Ford President’s Customer Driven Quality
Award in 1999 as the Team Leader for the Ford Worldwide Screen Printing
Process Improvement Team. He holds three U.S. patents and one European
Patent.

Authorized licensed use limited to: Cal Poly State University. Downloaded on November 19, 2008 at 17:02 from IEEE Xplore. Restrictions apply.

